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© METHOD AND APPARATUS FOR INJECTION COMPRESSION MOLDING. 



^©.This invention provides a method and an appara- 
Wtus for injection compression molding which can give 
W products having a high quality but less variance by 
"effecting precisely a molten resin compression op- 
C^eratlon during a dwelling operation or a metering 
jj* operation. A numeric control processor, which drives 
and controls a servo motor of each shaft of the 
O injection molding machine on the basis of the in- 
formation which specifies a shaft for compressing 
UJthe molten resin and is outputted from a program- 
mable machine controller for the sequence control of 
each operation portion of the injection molding ma- 



chine, the information for the control of the molten 
resin compression inclusive of the feed quantity, 
feed speed and feed direction of the shaft for com- 
pressing the molten resin and a molten resin com- 
pression operation instruction after the passage of a 
preset time from the start of the injection operation, 
executes in parallel the pulse distribution for the 
shaft for the molten resin compression and pulse 
distribution for the injection shaft or the screw rotary 
shaft (S200, S205) and performs torque limit control 
of the output torque of the compression servo motor 
so that an actual compression force on the molten 
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compression molding machine comprises: a processing 
device for numerical control for drivingly controlling 
servomotors .-associated with individual axes; a 
programmable machine controller for sequence- 
5 controlling various operating sections of said molding 
machine; memory means arranged to be accessed from both 
of said processing device for numerical control and 
said programmable machine controller; pressure 
detecting means for detecting a compression force 
10 actually applied to molten resin; means for presetting 
an axis associated with molten resin compression, 
information for control of the molten resin 
compression, a compression force to be applied to the 
molten resin, and timing for starting an operation of 



15 compressing molten^ and torque limiting means for 

restricting an output torque of one of said servomotors 
which corresponds to said axis associated with the 
molten resin compression. Said programmable machine 
controller includes means for delivering, to said 
20 memory means, a command for operation of compressing 
the molten resin, information specifying said preset 
axis for the molten resin compression, and information 
for control of the molten resin compression, upon 
arrival of said start timing of molten resin 
25 compression. Said processing device for numerical 
control is arranged to execute pulse distribution 
associated with said axis for the molten resin 
compression in response to said. command for the 
compressing operation and on the basis of said 
30 information for control of the molten resin 

compression, and to control the output torque of a 
servomotor corresponding to said axis associated with 
the molten resin compression so that a compressing 
force actually applied to the molten resin attains to 
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resin has a preset value. 
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said preset compression force. 

As mentioned above, according to the present 
invention, pulse distribution for the axis associated 
with the molten resin compression is executed by means 
5 of the processing device for numerical control, and the 
output torque of the servomotor associated with the 
axis for the molten resin compression is controlled so 
that the compression force actually applied to the 
molten resin attains to the preset value, on the basis 

10 of the information specifying the axis for the molten 
resin compression, the information for control of the 
molten resin compression, and the command for operation 
of the molten resin compression, which are respectively 
delivered from the programmable machine controller, 

15 upon fulfillment of the start condition of molten resin 
compression. Accordingly, the molten resin compressing 
operation can be carried out in an accurate manner, so 
as to produce high-quality molded products with no 
substantial variations therebetween. 

20 Brief Description of the Drawings 

Fig. 1\ is a f lo.wchart. ^^y-contrp-l^Tfrograin for 
write processing of Information for control of molten 
resin compression, and for preset processing of a 
torque limit value, in an injection compressing molding 

25 method according to an embodiment of the present 
invention; 

Fig. 2 is a flowchart of a control program for 
concurrently executing pulse distribution processes 
associated with two axes in the injection compression 
30 molding method of the aforementioned embodiment; and 

Fig. 3 is a schematic view, partly shown by a 
block diagram, of an essential portion of an 
electrically-operated injection compression molding 
machine to which is applied the injection compression 
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SPECIFICATION 
INJECTION COMPRESSION MOLDING METHOD AND 
AN APPARATUS THEREFOR 
Technical Field 
The present invention relates to an injection 
compression molding method and an apparatus therefor, 
which are capable of accurately controlling a 
compression force applied to molten resin injected into 
a mold of an electrically-operated injection 
compression molding machine so as to uniformly fill the 
mold with the molten resin, thereby producing high- 
quality molded products with high reproducibility. 

Rackground Art 
It is known to effect injection compression 
molding wherein a molten resin injected into a mold is 
compressed, so that the molten resin reaches fine parts 
of a cavity of the mold, to thereby attain improvement 
in dimensional accuracy and uniformity of density of 
molded products. Typically, injection compression 
molding is effected by driving a compression pin, 
provided in a clamping mechanism of a hydraulic 
injection molding machine, from a movable platen toward 
the mold by the use of a hydraulic mechanism, so that 
the compression pin applies a compression force on the 
molten resin filled in the mold. However, according to 
the prior art apparatus of the type driving the 
compression pin by means of the hydraulic mechanism, 
due to the presence of variations in properties of 
hydraulic oil for the hydraulic mechanism resulting 
from a change in temperature of the injection molding 
machine, it is difficult to control the driving force 
applied to the compression pin and the moving position 
of the compression pin. i.e.. the compression force 
applied to the molten resin with required accuracy and 
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reproducibility* This results in a variation of 
quality between the resultant molded products, 
: Disclosure of the Invention 

The object of the present invention is to provide 
an injection compression molding method and an 
apparatus therefor, which are capable of producing 
high-quality molded products with high reproducibility. 

According to one aspect of the present invention, 
an injection compression molding method is provided, 
which is applied to an injection molding machine 
wherein servomotors associated with individual axes are 
dri vi ngly con trol led by means of a processing device 
for numerical control, and' various operating sections 
are sequence-controlled by means of a programmable 
machine controller. The injection compression molding 
method comprises steps of: (a) determining whether or 
not a condition for starting an operation of 
compressing mol ten resin is fulfilled; (b) delivering a 
command for operation of compressing the molten resin, 
information specifying an axis associated with the 
molten resin compression, and information for control 
of the molten resin compression, from the programmable 
machine controller to the processing device for 
numerical control when said start condition is 
fulfilled; (c) executing pulse distribution associated 
with said specified axis in response to said command 
and on the basis of said control information by means 
of the processing device for numerical control; and (d) 
controlling an output torque of a servomotor associated 
with said specified axis during the execution of said, 
step (c), so that a compression force actually applied 
to the molten resin attains to a preset value. 

According to another aspect of the present 
invention, an electrically-operated injection 
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molding method of the aforesaid embodiment. 

Best Mode of Carrying Out the Invention 
An electrically-operated injection molding machine 
to which an injection compression molding method 
5 according to an embodiment of the present invention is 
applied, comprises various operating sections, 
respectively driven by servomotors, for injection, 
metering, mo Id- open i ng, mold-cl os i ng, mo Id- clamping, 
molded product-ejecting and the like. For example, the 

10 injection molding machine comprises: a mold clamping 

mechanism which includes stationary and movable platens 
3 and 4 which are respectively mounted with mold halves 
1 and 2, and a servomotor (not shown) for clamping 
axis; an injection mechanism which includes a screw 5 

15 fitted in a heating cylinder 6, axially driven by an 
injection servomotor 7 through a rotary motion/linear 
motion converting mechanism (not shown), and rotatively 
driven by a servomotor for screw rotation; and an 
ejector (not shown) . 

20 Further, in order to apply a compression force on 

molten resin in-jec^ed^ (not shown) 

defined by the mold halves 1, 2 during execution of an 
injection process by means of the injection servomotor 
7 or upon completion of the same process, a pin (not 

25 shown) for molten resin compression arranged to project 
into the mold cavity is supported for reciprocal motion 
by the movable platen 3, for instance. Also, the pin 
is coupled to a servomotor 8 for molten resin 
compression through a rotary motion/1 inear motion 

30 converting mechanism 9, both the elements 8, 9 being 
provided on the movable platen 3. Furthermore, a 
pressure detector for detecting a compression force 
applied to the molten resin, e.g., a load cell 9a, is 
mounted on a linear motion member (not shown) of the 
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converting mechanism 9, for instance. In the meantime, 
the provision of the servomotor 9 for compression is 
not inevitably required. For example, the servomotor 
for the ejector may be arranged to also serve as the 
5 servomotor for molten resin compression. 

Reference numeral 20 denotes a numerical control 
unit (hereinafter referred to as NC unit) for 
controlling various operations of the injection molding 
machine. The NC unit 20 comprises a central processing 

10 unit (hereinafter referred to as CPU) 21 for numerical 
control, and a CPU 22 for a programmable machine 
controller (hereinafter referred to as PMC) 22. 
Connected through buses to the NCCPU 21 are a ROM 24 
storing therein a control program for generally 

15 controlling the injection molding machine; a RAM 25 for 
temporal storage of data; and a servo-interface 26 to 
which are connected servo circuits (only servo 
circuits, associated with the servomotors 7, 8 for 
injection and compression, are shown by reference 

20 numerals 27a and 28a, respectively) for drivingly 

controlling, the aforesaid rseryqmqtors for individual 
axes. Each of the servo circuits is connected to a 
position detector, e.g., a pulse coder (not shown) 
mounted on a corresponding one of the servomotors. 

25 Connected through buses to the PMCCPU 22 are a ROM 28 
storing therein a sequence program for controlling 
sequence operations of the injection molding machine 
and the like; and a RAM 29 for temporal storage of data 
produced during arithmetic processing of the CPU 22. 

30 Connected through buses to both the CPUs 21, 22 is 

a bus arbiter controller (hereinafter referred to as 
BAC) 23 to which a shared RAM 30, an input circuit 31 
and an output circuit 32 are connected through buses, 
and to which a manual data input device 34 with a CRT 
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display (hereinafter referred to as CRT/MDI) is 
connected through an operator panel controller 33. The 
shared RAM 30, comprised of a read/write enabled, non- 
volatile memory such as bubble memory and CMOS memory, 
5 is arranged to store, for instance, an NC program for 
controlling operation of the injection molding machine, 
various preset values, parameters and macro variables 
which determine injection molding conditions. The 
input circuit 31 is connected through an A/D converter 

10 10 to the load cell 9a and various sensors (not shown) 
provided in the injection molding machine. The output 
circuit 32 is connected to various actuators (not 
shown) of the injection molding machine, and is also 
connected through a D/A converter 35 to the servo 

15 circuit 27b corresponding to the compression servomotor 
8 for performing the later-mentioned torque control. 

In the following, operation of the injection 
molding machine constructed as mentioned above will be 
explained. At first, an operator presets, through the 

20 CRT/MDI 34, various injection molding conditions which 
include: inf ormat ionji. specif ying._an axis associated 
with molten resin compression (step feed axis); control 
information for execution of molten resin compression 
process (feed direction, target feed position (target 

25 feed amount), feed rate, and compression force (torque 
limit value for restricting a servomotor output torque 
during the molten resin compression)), these preset 
conditions being stored in the shared RAM 30. 

When the injection molding machine is operated 

30 after completion of presetting the injection molding 
conditions, the NC unit 20 controls the injection 
molding machine in accordance with the sequence program 
stored in the ROM 28 and the NC program stored in the 
shared RAM 30, so as to repetitively execute an 
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injection molding operation, comprised of a series of 
processes which include mold-closing, mold-clamping, 
injection, ^compression, hold, cooling, metering, mold- 
opening, and molded product-ejecting, to thereby 
5 produce molded products. The NCCPU 21 executes the 
processing shown in Fig- 2 at predetermined intervals 
of cycle during the execution of each injection molding 
operation. 

That is, upon receipt of a command from the PMCCPU 

10 22, the NCCPU 21 reads one block of that part of the NC 
program, which corresponds to the command, from the 
shared RAM 30, and delivers, through the servo- 
interface 26, an amount of* pulse distribution, 
corresponding to one pulse distribution cycle and 

15 calculated in accordance with control contents stated 

in the block concerned, to a servomotor associated with 
an axis specified by the program (step S200). Next, 
the NCCPU determines whether or not a molten resin 
compression mode (step mode) is selected (step S201), 

20 and, if the step mode is not selected, then the CPU 
further determines whether or not the pulse 
distribution for the aforesaid axis specified by the 
program has been completed (step S208). Whereupon, the 
NCCPU repetitively executes the loop consisting of the 

25 steps S200, S201 and S208 until the pulse distribution 
has been completed. Upon completion of the pulse 
distribution, the program advances to the step S209 so 
as to execute processing for the next block, which is 
the same as the aforesaid processing. 

30 On the other hand, the PMCCPU 22 executes a 

control operation in accordance with the sequence 
program stored in the ROM 28. That is, as shown in 
Fig. 1, the PMCCPU 22 writes an injection start command 
into the shared RAM 30 through the BAG 23, and at the 
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same time, starts a timer T for determining a start 
timing for molten resin compressing operation (steps 
S100 and S101). At this time, the NCCPU 21 executes 
pulse distribution to the servo circuit 27a associated 
5 with the injection servomotor 7 in the above manner in 
response to the injection start command. The timer 
time period is set to a time period corresponding to an 
injection time, e.g., a time period substantially equal 
to or less than the injection time. 

10 When the time T is up at the time the injection 

process is completed or during the execution of the 
injection process (step S102), the PMCCPU 22 writes a 
command for molten resin compress i ng. opera t i on (step 
mode command), information specifying the aforesaid 

15 -step feed axis, and control information for molten 
resin compressing process (step S103), into 
predetermined address regions of the shared RAM 30, 
respectively. 

Upon the step mode command being written in the 

20 shared RAM 30, the NCCPU 21 determines that the step 
mode is selected at the step S201 of Fig. 2, and then 
determines whether or not a manual feed flag indicative 
of the step mode is set (step S202). If the manual 
feed flag is not set, the NCCPU sets the same flag 

25 (S203). That is, the manual feed flag is set during 

the program execution cycle immediately after the step 
mode command is written into the shared RAM 30. Next, 
the PMCCPU 22 reads the control information for molten 
resin compression process, which has been written in 

30 the predetermined address region of the shared RAM 30 
by means of the same CPU, and calculates an amount of 
pulse distribution for the step feed axis, 
corresponding to one program execution cycle, and 
further causes the shared RAM 30 to store with the thus 



EP 0 362 395 A1 

•-y - 

calculated value. On the basis of the calculated and 
stored value, the NCCPU 21 executes pulse distribution 
to a servo circuit for controlling the drive of the 
servomotor associated with the step feed axis, e.g., to 
5 the servo circuit 27b (step S205). As a result, the 
compression servomotor 8, for instance, rotates in the 
rotational direction corresponding to the feed 
direction at a rotational rate corresponding to the 
feed rate, accompanied with gradual projection of the 

10 compression pin (not shown), coupled to the linear 

motion member (not shown) of the converting mechanism 
9, into the mold cavity, so as to start compression of 
the molten resin injected into the mold cavity. 

The NCCPU 21 determines whether or not pulse 

15 distribution up to a target feed position for the step 
feed axis has been completed (step S206). If the pulse 
distribution has not been completed, the NCCPU further 
determines whether or not pulse distribution for an 
axis specified by the NC program, e.g., for the 

20 injection axis associated with hold and injection 

operationsV "has : been" completed* (s tep S208). If the 
pulse distribution has not been completed as yet, the 
NCCPU repetitively executes a loop consisting of the 
steps S201, S202, S205, S206, and S208. That is, pulse 

25 distributions for both the axis specified by the NC 
program and the axis specified for molten resin 
compression (the step feed axis) are executed 
concurrently/ As a consequence, for example, a molten 
resin compressing operation is carried out by the 

30 compression servomotor 8 as the injection operation is 
effected by the injection servomotor 7 or as the 
metering operation is effected by the screw rotation 
servomotor (not shown). 

During the execution of the molten resin 
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compressing operation, the PMCCPU 22 reads a torque 
limit value TLS (indicative of an upper limit value of 
the output torque of the servomotor associated with the 
step feed axis) for this compressing operation, which 
5 is preset in the shared RAM 30, and then delivers this 
preset torque limit value to the servo circuit 
associated with the servomotor which corresponds to the 
step feed axis, e.g., the servo circuit 27b associated 
with the compression servomotor 8, through the output 

10 circuit 32 and the D/A converter 35 (step S104 of Fig. 
1). Next, the PMCCPU reads a feedback signal, supplied 
from the pressure detector, e.g., the load cell 9a, 
through the input circuit 31 and the A/D converter 10 
and indicative of a pressure PF actually applied to the 

15 molten resin (step S105), and further compares the same 
with the preset torque limit value TLS (step S106). A 
torque limit value TL delivered to the servo circuit 
27b, for instance, is increased to a value which is 
larger than the preset value by Aa if the feedback 

20 pressure PF is less than the preset torque limit value 
TLS, whereas the value TL is decreased by A a if the 
pressure is larger than the preset value (steps S107 
and S108). If the feedback pressure PF and the value 
TLS are equal to each other, the program advances to 

25 the step SI 09 so as to make a determination as to 

whether or not the target step feed position has been 
reached, without alteration of the preset torque limit 
value. In this manner, by controlling the compression 
force in a feedback manner while the preset torque 

30 limit value is changed, where required, the actual 
compression force is controlled to the preset value 
while a control error, due to a change of the passage 
of time in the molten resin compressing system of the 
.injection molding machine, is compensated for. In the 
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meantime, a coincidence accuracy of the feedback value 
(actual value) PF with the preset value TLS changes in 
dependence on respective resolutions of the A/D 
converter lb and the D/A converter 35. 
5 When the pulse distribution up to the target feed 

position associated with the step feed axis is 
completed (step S206 of Fig. 2), the NCCPU 21 resets 
the manual feed flag so as to reset the step mode, and 
then writes a signal, indicative of arrival to the step 
. 10 feed position, in the shared RAM 30 (step S207). Upon 
the signal indicative of arrival to the step feed 
position being written in the shared RAM 30 (step S109 
of Fig. 1), the PMCCPU 22 completes the compressing 
operation. 

15 As mentioned above, the molten resin compressing 

operation is carried out accurately during the 
execution of the injection/hold operation or metering 
operation, whereby high-quality molded products can be 
manufactured with no substantial variations between 

20 these products. 
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CLAIMS 

1. An injection compression molding method 
comprising steps of: 

(a) determining whether a condition for starting 
5 an operation of compressing molten resin is fulfilled 

or not; 

(b) delivering a command for operation of 
compressing the molten resin, information specifying an 
axis associated with molten resin compression, and 

. 10 information for control in compressing the molten 
resin, from a programmable machine controller for 
effecting sequence control of various operating 
sections of an injection molding machine to a 
processing device for numerical control for drivingly 
15 controlling servomotors associated with individual axes 
of said injection molding machine, when said start 
condition is fulfilled; 

(c) executing pulse distribution associated with 
said specified axis in response to said command and on 

20 the basis of said control information by means of the 
processing device for numerical control; and 

(d) controlling an output torque of a servomotor 
associated with said specified axis during the 
execution of said step (c), so that a compression force 

25 actually applied to the molten resin attains to a 
preset value. 

2. An injection compression molding method 
according to claim 1, wherein the pulse distribution 
for said specified axis is executed concurrently with 

30 execution of pulse distribution for an axis other than 
said specified axis, in said step (cK 

3. An injection compression molding method 
according to claim 1, wherein the fulfillment of said 
start condition for the molten resin compressing 
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operation is determined in said step (a) when a 
predetermined time period, which is determined in 
dependence on an injection time, has been elapsed from 
an instant at which an injection operation of said 
5 injection molding machine is started. 

4. An injection compression molding method 
according to claim 1, wherein said control information 
for molten resin compression includes a feed amount, 
feed rate and feed direction associated with said 

10 specified axis, and a torque limit value indicative of 
upper limit value of an output torque of a servomotor 
associated with said specified axis. 

5. An electrically-operated injection compression 
molding machine, comprising: 

15 a processing device for numerical control for 

drivingly controlling servomotors associated with 
individual axes; 

a programmable machine controller for sequence- 
controlling various operating sections of said molding 
20 machine; 

memory means arranged to be accessed from both of 
said processing device for numerical control and said 
programmable machine controller; 

pressure detecting means for detecting a 
25 compression force actually applied to molten resin; 

means for presetting an axis associated with 
molten resin compression, information for control of 
the molten resin compression, a compression force to be 
applied to the molten resin, and timing for starting an 
30 operation of compressing the molten resin; and 

torque limiting means for restricting an output 
torque of one of said servomotors corresponding to said 
axis associated with the molten resin compression; 
said programmable machine controller including 
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means for delivering, to said memory means, a command 
for operation of compressing the molten resin, 
information-.specifying said preset axis for the molten 
resin compression, and information for control of the 
molten resin compression, upon arrival of said start 
timing of the molten resin compression; 

said processing device for numerical control being 
arranged to execute pulse distribution associated with 
said axis for the molten resin compression in response 
to said command for the compressing operation and on 
the basis of said information for control of the molten 
resin compression, and to control the output torque of 
a servomotor corresponding to said axis associated with 
the molten resin compression so that a compressing 
force actually applied to the molten resin attains to 
said preset compression force. 

6. An electrically-operated injection compression 
molding machine according to claim 5, wherein said 
processing device for numerical control is operable to 
execute the pulse distribution for said specified axis 
concurrently with execution of pulse distribution for 
an axis other than said specified axis. 

7. An electrically-operated injection compression 
molding machine according to claim 5, wherein said 
means for setting the molten resin compressing 
operation start timing is comprised of a timer. 

8. An electrically-operated injection compression 
molding machine according to claim 5, wherein said 
control information for the molten resin compression 
includes a feed amount, feed rate and feed direction of 
said specified axis, and a torque limit value 
indicative of upper limit value of an output torque of 
a servomotor associated with said specified axis. 
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